In recent years, light-induced atomic desorption (LIAD) of alkali atoms from the inner surface of a vacuum chamber has been employed in cold atom experiments for the purpose of modulating the alkali background vapour. This is beneficial because larger trapped atom samples can be loaded from vapour at higher pressure, after which the pressure is reduced to increase the lifetime of the sample. In this paper we present a comprehensive analysis, based on the case of rubidium atoms adsorbed on pyrex, of various aspects of LIAD that are useful for this application. Firstly, we study the intensity dependence of LIAD by fitting the experimental data with a rate-equation model, from which we extract a correct prediction for the increase in trapped atom number. Following this, we introduce a quantitative figure of merit for the utility of LIAD in cold atom experiments. Secondly, we observe a long-time behaviour of the rubidium pressure and its gradual depletion over several experimental cycles, which we attribute to the movement of rubidium atoms between different parts of the chamber. We show that this can be compensated for by continuously running the rubidium source at low level. Finally, we show that it is possible to use LIAD data to gain information on the binding energy of rubidium atoms on the surface.
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I. INTRODUCTION
Since the first realisation of Bose-Einstein condensation (BEC), a range of methods has been developed to produce quantum degenerate gases. Techniques are by now well established and many experiments have, as a starting point, the loading of laser-cooled atoms from background vapour in a magneto-optical trap (MOT), followed by evaporative cooling to quantum degeneracy in a conservative trap [1] . In order to cool and trap the required atom number [2] , it is important to have a high partial background pressure during the MOT stage because a high percentage of atoms will be lost during evaporative cooling. However, evaporative cooling requires a lower background pressure than for the MOT loading, so that collisions with background atoms and molecules are minimised and the lifetime is sufficiently long to carry out evaporation. These two opposite constraints require a compromise solution. This is often a dual-chamber setup, where the process of MOT loading is spatially separated from the subsequent evaporation. More recently, with the development of atom chips [3] and all-optical evaporation [4] [5] [6] [7] [8] [9] , very fast production of Bose-Einstein condensates has been demonstrated. This considerably relaxes the demand for long trap lifetimes and opens the possibility of designing vacuum systems based on single chambers, rather than dual chambers. This cuts down the size and complexity of the apparatus, which is beneficial for technological applications.
Single chambers however reintroduce the original dilemma between atom number and lifetime. In this context, it is clearly advantageous to modulate the partial pressure of the atomic gas so that a large MOT is loaded, whilst keeping the partial pressure low during evaporation. Several techniques have been developed for this purpose, for instance pulsing the current through alkalimetal dispensers [10] [11] [12] [13] [14] , and using weak non-resonant light to desorb atoms from a surface. The latter, known as light-induced atomic desorption (LIAD) [15] , can be seen as the atomic analogue of the photoelectric effect, and has already been used to desorb atoms from the walls of the vacuum chamber to load them in the MOT [16] [17] [18] [19] [20] [21] [22] . This is achieved by pulsing the light source for the length of time needed to load the MOT (typically between a few seconds up to tens of seconds), after which the light is turned off and the partial pressure drops back to a lower value. In Refs. [8, [23] [24] [25] the lifetime that was recovered after the light pulse was long enough to allow evaporation to quantum degeneracy.
Our investigation involves a MOT of
87 Rb atoms created in a pyrex cell illuminated by violet light. The motivation of our work is twofold: on one hand we aim to learn more about the atom-surface interaction and the desorption mechanism, and on the other hand we aim to develop a more quantitative understanding of the effectiveness of LIAD in cold atom experiments. As shown in Fig. 1 , we measure a significant increase (about a factor 5) in the number of trapped atoms as the violet light is pulsed on the cell. In our experiment we use the MOT also to monitor the partial rubidium pressure, in a method similar to that first introduced in Ref. [16] . We apply this method to carry out a detailed investigation of the dependence of the rubidium pressure on the violet light intensity, and of its time evolution through a sequence of light pulses. The dependence on intensity of alkali atom desorption has already been investigated by the authors of [18, 22] , with the authors of [22] also proposing a theoretical model appropriate for their experimental data, which are taken in the low-intensity regime. Here we propose a more general rate-equation model that encompasses the regime of light intensities strong enough to cause a saturation of the rubidium pressure. As a result of this model, we obtain information on the binding energy of rubidium atoms adsorbed on pyrex, which we find comparable to those reported in the literature for other alkalis. Another experimental method introduced in this paper is the use of an N eq − τ plot, where the trapped atom number at equilibrium N eq is plotted against the 1/e loading time τ of the trap (which coincides with its lifetime). We find that this approach is convenient first to characterise the system at unmodulated background, and subsequently to quantify the figure of merit of LIAD. Following Ref. [16] , the latter is defined as the increase of the product N eq τ relative to the case of constant background pressure, i.e. to what extent the rubidium pressure modulation can be used to maximise the product between atom number and lifetime. Given that we can increase the MOT atom number temporarily during the light pulse and recover a low partial pressure after the pulse, N eq τ can be maximised.
The paper is organised as follows: in Sec. II, we introduce the experimental methods, which include the N eq −τ plot and the monitoring of partial Rb pressure; in Sec. III, the dependence of LIAD on light intensity is analysed in terms of a rate-equation model; in Sec. IV, we consider questions that are specifically relevant for the application of LIAD to cold atom experiments, namely the above-mentioned figure of merit as well as the long-time evolution of the rubidium pressure. With regard to the latter, we note that past experiments have reported very different behaviours (see table in Ref. [20] for a summary of the available data). Here we put forward an explanation for this variety, as well as a method to compensate for a long-term depletion of the rubidium pressure that we observe in our experiment.
II. EXPERIMENTAL METHODS

A. Experimental setup
The experimental setup is based on a compact vacuum system shown in Fig. 2 . It consists of a CF40 fourway cross connected to a rectangular, uncoated Pyrex glass cell of external dimensions 2.4×2.4×7.3 cm 3 , a 40 l/s ion pump, an all-metal valve, and a 4-pin electrical feedthrough with two commercial Rb dispensers (SAES Getters RB/NF/7/25FT10+10). The dispensers are placed about 25 cm from the MOT trapping region and release rubidium atoms in the glass cell. The cooling and repumping laser light needed for the MOT is provided by two external-cavity diode lasers. The cooling light is tuned 14 MHz below the 5S 1/2 (F = 2) → 5P 3/2 (F'= 3) transition and the repumper light is on resonance with the 5S 1/2 (F = 1) → 5P 3/2 (F'= 2) transition. We have 40 mW and 5 mW of cooling and repumper power respectively. The laser beams are expanded and collimated to a beam waist of 7 mm and then split into six MOT beams. A calibrated photodetector-lens setup is used to collect the MOT fluorescence to measure the number of trapped atoms.
As light source for LIAD, we use an Enfis Uno Tag Array. This is a high-power surface-mounted device con-taining a 1 cm 2 array of twenty-five light emitting diodes (LEDs). The LEDs emit violet light with a peak wavelength of 405 nm (FWHM = 16 nm) and a maximum output power of 5 W, which can be controlled by the applied current. The device is mounted on a heatsink to dissipate the significant amount of heat produced, and is placed 13 cm away from the MOT region as shown in Fig. 2 . The light from the LEDs is not collimated. 80% of the power falls within a 30
• solid angle, providing an average intensity of 9 mW/cm 2 in the MOT region at the maximum LED current of 1.7 A. The light intensity has a linear dependence on the LED current between 0 and 1.7 A.
B. MOT characterization with unmodulated Rb background pressure
The loading of atoms in a MOT from background gas is the result of the balance between the atom capture rate and the rate of loss mechanisms. Hence the trapped atom number N obeys the equation [26] [27] [28] :
The first term on the right-hand side describes the loading rate R = αP Rb at which atoms are captured from background gas. Here α is the trapping cross section and P Rb is the partial Rb pressure. The second term, containing 1/τ = βP Rb + γ (where β is a loss coefficient), corresponds to the loss rate. It takes into account losses due to collisions with untrapped rubidium atoms, as well as with other background atoms or molecules that have not been pumped away by the ion pump. Therefore γ is proportional to the residual (i.e. non-Rb) background pressure whilst both R and βP Rb are proportional to the partial Rb pressure. In Eq. 1 we neglect losses due to inelastic two-body collisions within the trap. These losses are proportional to the density of the trapped atoms, and because our MOT is large enough to be in the constant density regime, the corresponding loss rate is constant. Typical values for this loss rate are given in Ref. [29] for MOTs similar to ours and are significantly smaller than our value of γ. Therefore for simplicity we neglect the two-body loss term. From Eq. 1 we obtain the loading curve:
where N eq = αP Rb /(βP Rb + γ) is the number of trapped atoms at equilibrium and τ is the 1/e loading time. The latter also indicates the lifetime of the atoms in the trap [16, 34] . Given that both τ and N eq depend on the rubidium pressure P Rb , it is convenient to eliminate P Rb and express N eq directly in terms of τ and the parameters α, β and γ as:
MOT atom number versus 1/e loading time τ in the case of unmodulated rubidium background. The fit provides values for the parameters α/β and γ.
In our experiment we measure the dependence of N eq on τ , in the case of unmodulated background, by turning off the dispensers after running them for several hours at 3.4 A. We acquire several MOT loading curves as the Rb pressure gradually decays, and we fit each loading curve with Eq. 2 to extract N eq and τ . By fitting these data with Eq. 3, we obtain α/β = (1.50 ± 0.07)×10 8 and γ = 0.24 ± 0.03 s −1 as shown in Fig. 3 . Physically, the intercept with the vertical axis, α/β, represents the largest MOT achievable in our chamber in the limit of partial Rb pressure much larger than the residual background from other gases. The intercept with the horizontal axis 1/γ, on the other hand, is the longest MOT lifetime achievable, which is determined by the residual background pressure. LED pulses will temporarily increase the partial Rb pressure, but they do not alter the parameters α/β and γ, which are therefore fixed and characteristic of our system. More specifically, for a MOT that is otherwise optimised, α/β is determined by the available optical power in the cooling laser beams, while γ is given by the vacuum conditions. These parameters will be useful in Sec. IV for the analysis of LIAD-enhanced MOTs.
C. Monitoring the partial Rb pressure
To determine the pressure in UHV systems, most experiments use standard ion gauges or the current readout of ion pumps. However, also the MOT itself can be used to estimate the pressure. Here we report a method FIG. 4 . Loading rate measurements. Between t=30s and t=60s, the LEDs are turned on at 1.7 A. The inset shows the trapped atom number taken before, during and after the pulse. The outset shows the corresponding loading rate for the period after the LED pulse.
of measuring the partial Rb pressure in the MOT region, similar to that described in Ref. [16] . We take a sequence of repeated partial MOT loadings by applying a square-wave pulse train to the current through the MOT quadrupole coils, with a pulse duration of 1 s and a periodicity of 4 s. While the pulse train is being applied, we constantly measure the fluorescence signal of the trapped atoms. The height of the peaks in this signal is a direct measure of the MOT loading rate R, as can be seen from Eq. 1 with N →0 and dt=1s. As shown in the inset of Fig. 4 , 30 s into the sequence we turn on the LEDs for 30 s, and continue to measure the fluorescence after the LEDs are switched off. The corresponding loading rate is shown in the outset of Fig. 4 for the period after the LED pulse.
Given that the loading rate is proportional to the partial rubidium pressure, this method gives real-time monitoring of its evolution before (off-peak), during (peak) and after the LED pulse. We find that the rubidium pressure quickly reaches an equilibrium as the LEDs are turned on, stays approximately constant during the pulse, and decays after the pulse with a characteristic time constant. The pressure recovery after the pulse will be analysed in more detail in Sec. IV C.
Finally, the authors of [27, 28] derived an expression linking explicitly the loading rate to the rubidium pressure:
where T is the room temperature, v th is the termal velocity of the rubidium background, w 0 is the cooling laser beam waist and v c is the capture velocity of the MOT. Using w 0 = 7 mm and an estimated v c = 20 m/s, from the data in Fig. 4 we obtain an off-peak value of 1.6×10 −10 mbar for the rubidium pressure. For the optimal case of 9 mW/cm 2 violet illumination, the rubidium pressure reaches ∼10 −9 mbar. After the violet pulse the partial Rb pressure goes back to the initial pressure of 1.6 × 10 −10 mbar.
III. LIAD CHARACTERIZATION
To characterize LIAD in our system, we measure the MOT loading rate versus the LED current, which is directly proportional to the light intensity. As shown in Fig. 5 , the loading rate saturates at larger values of the LED current. To model this behaviour, which has also been observed in Ref. [18] , we start from a rate equation for the number N s of rubidium atoms adsorbed on the surface of the glass cell. In absence of LED light:
where N v is the number of atoms in the volume of the cell, and k d and k a are the desorption and adsorption coefficients. k d represents the rate at which atoms are thermally desorbed from the glass surface. The inverse of k d is referred to as sticking time τ s , i.e. the average time an atom sticks to the surface. Its dependence on the surface temperature T is given by
where E a is the adsorption energy and τ 0 ∼ 10 −12 s is the oscillation time of the bond [30] . The adsorption coefficient k a can be written in terms of v th and of the cell area A and volume V :
so that the adsorption term in Eq. 5 correctly gives the product of surface area and flux of atoms hitting the surface [31] . For our cell, we estimate k a ∼ 1.6 × 10 4 s −1 . The steady-state solution of the rate equation Eq. 5 is:
where N t = N s +N v is the total number of atoms present in the cell, which we assume constant. This result is in agreement with the analysis presented in Ref. [32] . When the LED is turned on, a new equilibrium with increased
Loading rate measurements during the LED pulse (peak) and before the pulse (off-peak) as a function of LED current. The off-peak value is constant, which verifies that the variation is due to LIAD. The solid line is the fit of Eq. 9 to the data.
N v is established faster than the time resolution of our pressure measurement, as shown in Fig. 4 . By adding a desorption term −kIN s to the rate equation, where I is the LED current and k is a constant proportional to the LIAD cross section, we find a steady-state solution for this new equilibrium which can be expressed directly in terms of the loading rate R (proportional to N v ):
We use this equation to fit the experimental data shown in Fig. 5 , from which we obtain k/k d =18±5 and
Previous models (see for instance Ref. [22] ) have been used to fit the loading rate as a function of the light intensity in the linear range without including the saturation regime. The main result of our analysis is that the observed saturation at large LED intensities emerges from the condition of constant N t , and therefore can be explained by an effect of depletion of the surface rubidium as the intensity is increased. Quantitatively, from the fit and the estimate of k a given above, we deduce k d ∼ 10 3 s −1 leading to E a ∼ 0.5 eV. This value is realistic, given that it is close to the adsorption energies reported for other alkali species on glass [32, 33] . To obtain a more accurate measurement of k a and possibly also an estimate of the LIAD cross-section from the value of k/k d , a more refined version of this model should be developed. For instance, here we make a simplifying assumption that it is the same number of surface atoms N s that can be desorbed thermally and via LIAD. A more sophisticated model would account for the possibility that LIAD can desorb atoms that are too strongly bound to be desorbed thermally. However this simple model is already effective in extracting information on the atomsurface binding energy from MOT loading measurements.
IV. APPLICATION TO COLD ATOM EXPERIMENTS
A. MOT dependence on LED intensity
As shown in Fig. 1 , during the LED pulse the number of atoms in the MOT increases from the off-peak value N off eq = αP Rb /(βP Rb + γ) to the peak value N on eq = αηP Rb /(βηP Rb + γ), where η(I) is the relative increase in partial Rb pressure. By eliminating P Rb , we express N on eq (I) in terms of N off eq as:
and we use this equation to predict the peak atom number for different LED intensities, i.e. for different values of η(I). This is shown in Fig. 6 alongside the experimental data. For the measurements, we pulse the LEDs at different currents for 30 s, which is more than sufficient to load full MOTs. The predicted curve is calculated using the measured off-peak value N off eq =7.5×10 6 atoms, α/β = 1.50×10
8 from Sec. II B, and η(I) values from the fit to the data in Fig. 5 . This shows good agreement with the experimental points. Therefore our model predicts how the MOT grows in presence of LIAD using an equation with no free parameters. Fig. 6 shows LIAD-enhanced MOTs that are up to a factor 6 larger than the corresponding off-peak MOT. We also find that moderate LED currents of about 1 A are sufficient to saturate the MOT atom number. A similar saturation effect was also observed in Ref. [18] . In our analysis this is due to the presence of an intensitydependent term in the denominator of Eq. 10.
B. Figure of merit of LIAD
As mentioned in the introduction, the figure of merit of LIAD can be taken as the increase in the product betwen the MOT atom number N eq and the loading time τ , which coincides with the MOT lifetime. Here we compare this product for the two cases of MOT loaded from constant Rb background and MOT loaded from LIADmodulated Rb background.
In the modulated background case, we use Eq. 10 for the MOT atom number and the off-peak value for the lifetime. This is justified because the off-peak lifetime is recovered soon after the LEDs are turned off. Hence we can extend the N eq − τ plot shown in Fig. 3 to include MOTs loaded with LIAD. Having both LIAD-enhanced FIG. 6 . MOT atom number during the LED pulse (peak) and before the pulse (off-peak) versus LED current. The offpeak value is constant, which verifies that the variation in atom number is due to LIAD. The predicted atom number is calculated from Eq.10.
MOTs and off-peak MOTs plotted versus the same lifetime τ leads to a direct comparison between constant and modulated Rb background. This is shown in Fig.7 , where the horizontal axis is now the dimensionless product γτ .
Starting from Eq. 10, N on eq is expressed in terms of γτ by substituting Eq. 3 for N off eq . This leads to:
which is plotted in Fig.7 for two LED intensities, along with the unmodulated background line for comparison. The two experimental points on the plot are for LIADenhanced MOTs measured at the same LED intensities as for the theoretical curves, and show good agreement with theory. These data are taken at low off-peak Rb background, more specifically at an off-peak lifetime of τ =3.95 s, which is close to the lifetime upper limit of 1/γ=4.17 s. The resulting γτ is 0.95. Fig.7 also contains hyperbolae defined as N eq γτ =const. If we compare the best possible N eq γτ value for unmodulated background (curve A) to the largest observed value for modulated background (curve B), we obtain a factor 1.4 increase. This is modest, however Fig. 7 suggests that N eq γτ can be improved further by working at smaller γτ values, i.e. at larger off-peak Rb background. This is the case of curve C, which corresponds to the best N eq γτ value for the LED intensity available in our experiment, and which leads to a factor 2.4 improvement relative to unmodulated background.
FIG. 7.
(Color online) MOT atom number versus γτ for unmodulated Rb background (dashed straight line) and for LIADmodulated Rb background (two dashed curves). The straight line is the fit to the data from Fig. 3 , while the dashed curves are given by Eq. 11 at LED currents 0.25 A and 1.7 A, for which experimental data are also taken (squares).The three hyperbolae define loci of constant Neqγτ (continuous curves). The largest value of Neqγτ for unmodulated background is A = 3.81×10 7 . The values B = 5.32×10 7 and C = 9.26×10 7 are for modulated background. B is the value attained experimentally, while C is the predicted upper limit for the LED intensity available in our experiment.
Given that the experimental data presented in this paper are taken in the limit of low off-peak Rb pressure, i.e. close to the upper limit for γτ , we apply our analysis to the LIAD data presented in Refs. [19, 20] . We estimate that both these experiments work in a regime of γτ ∼ 0.85, i.e. where larger improvements in N eq γτ are expected according to our model. Indeed such improvements are found experimentally: we estimate that in Ref. [19] , N eq γτ increases by a factor 3.2 relative to unmodulated background, while the increase is 3.6 in Ref. [20] . We also find that Eq. 11 gives correct predictions for the LIAD-enhanced MOTs they observe. The fact that these experiments are carried out with different atomic species and in different vacuum conditions confirms the general applicability of our analysis to a wide range of experimental scenarios.
Finally in the limit of very strong LED intensities we would obtain a factor 4 increase in N eq γτ , which corresponds to the ideal scenario where the MOT saturates at α/β during the LED pulse and a lifetime close to 1/γ is recovered after the pulse.
C. Long-time behaviour of the partial Rb pressure
In our experiment we observe two long-time phenomena: a gradual depletion of the Rb background in the cell caused by repeated LED pulses, and a slow recovery time (of the order of hundreds of seconds) of the Rb pressure after each LED pulse. As discussed below, we attribute these effects to slow, conductance limited, movements of rubidium atoms in and out of the cell, and between different parts of the cell.
We first consider the results for the recovery time, which were previously shown in Fig. 4 . The pressure quickly drops to about one half of the peak value, after which a much slower decay ensues. We fit the data with the sum of two exponentials from which we obtain time constants τ short =5.4±0.2 s and τ long =130±12 s. The value of τ short is comparable to the interval between partial MOT loadings that form the basis of our pressure measurements, hence it is too close to our time resolution to provide meaningful information. The slow decay, on the other hand, is significant for two reasons. First, it will negatively impact on any attempt to evaporatively cool atoms in our setup; secondly, it differs from what is observed in most other experiments. As shown in Ref. [20] , where results from different groups are summarised, the recovery time varies significantly among different experiments, but in most cases the pressure drops to one tenth of its peak value over a period that ranges from about 100 ms to 2 s. To proceed with evaporation, it is sufficient to keep the MOT on for this short period, during which most trapped atoms are retained. After this period, the pressure has recovered to essentially the same value as before the pulse and the atoms may be transferred to a conservative trap for subsequent evaporation. The fact that this is the case in most experiments justifies our earlier figure-of-merit analysis, which relies on plotting LIAD-enhanced MOTs as a function of the off-peak lifetime.
Given that our experiment produces an unusual result, we investigate this further by monitoring the Rb pressure during a train of LED pulses. We run a sequence of 60 LED pulses at 1 A, lasting 30 s each and with a 100 s interval between them to allow the pressure to recover between pulses. We measure the loading rate as described in Sec. II to monitor the evolution of the Rb pressure, and we find that both the peak and off-peak values decay over a timescale of tens of minutes. The off-peak pressure evolution is shown as squares in Fig. 8 . To establish that this decay is due to LIAD, we repeat similar measurements but without the LED pulses, and we observe no decay. These results suggest that the LED pulses cause rubidium to gradually leave the glass cell and move to the stainless steel part of the chamber, which is not illuminated by the LEDs.
In order to justify these long timescales, we propose a comparison with the dynamics observed in Ref. [32] , where it is shown that the effective conductance of a cell is determined by the sticking time of the atoms on the surface, with longer sticking times leading to proportionally lower values for the effective conductance. In particular, in Ref.
[32] a 1.4 ms sticking time leads to a diffusion of atoms, across a cell of similar size to ours, with a timescale of 1 s. In the present work, from the analysis in Section III we infer a sticking time 1/k d ∼1 ms, which is close to that of Ref. [32] . Therefore this can account for neither the long recovery time after one LED pulse, which is much longer than 1 s, nor the timescale of the depletion over several pulses. A possible explanation for these long timescales is that the LED pulses also release atoms that are more strongly bound than is assumed in Section III. For instance, an increase in the binding energy from 0.5 eV to 0.7 eV leads to a 1000-fold increase in the sticking time. These atoms can then move across the cell and out of cell with timescales that are consistent with τ long and with the observed depletion time. An additional factor is uneven illumination of the cell: given the way the LED is positioned (see Fig. 2 ), it is possible that the central part of the glass cell receives a higher light intensity than the end of the cell, where the MOT is formed. Therefore the central part would undergo more depletion, and atoms from there may drift either out of the cell or towards the MOT. Atoms accumulating at the MOT end during the LED pulse would then drift away after the LED pulse, causing the slow recovery time.
If, as we suggest, the recovery time is affected by the conductance between different parts of the cell and by uneven illumination, then variations between different experiments are expected. Also, it follows from this analysis that, in order to avoid long recovery times, cells should be designed with a large conductance between the MOT region and the rest of the vacuum chamber, i.e. avoiding long, thin cells.
Finally, we find experimentally a method to compensate the depletion, which is based on continuously running the Rb dispenser at low current. We repeat the same sequence of LED pulses at different dispenser currents, as shown in Fig. 8 , and we find 2.5 A to be an optimal value: after an initial 15 minutes during which we lose atoms, we reach a plateau where the depletion is compensated and the pressure remains essentially constant for several hours. A dispenser current of 3 A is found to be too high, leading to too much rubidium accumulating in the cell. A possible explanation for this behaviour is that at 3 A the dispenser is operating above its threshold, i.e. it releases rubidium in the chamber leading to a build-up. At 2.5 A the dispenser is below threshold and the reason why we stabilise the Rb background is that, simply by warming up the stainless steel part of the chamber, we encourage the rubidium to return to the glass cell.
This compensation method significantly improves the reliability of LIAD in loading reproducible MOTs over a typical working day. Indeed all the experimental data presented in previous sections were taken in the plateau. There, we still lose around 30% of the MOT size achieved during the first LED pulse of the sequence, but this is a major improvement compared to the sequence at dispenser off, where more than half of the atoms are lost at the end of the sequence and even more atoms would be lost in longer sequences.
V. CONCLUSIONS
We used a MOT to study light-induced desorption of rubidium atoms from pyrex. We developed a rateequation model for the dependence on LED intensity, and we used this model to correctly predict the enhancement in the MOT atom number during the LED pulse. This led to a figure-of-merit analysis based on an N eq − τ plot, where LIAD-enhanced MOTs are compared to constantbackground MOTs. We found that for a factor 8 increase in rubidium pressure during the LED pulse (which was obtained at maximum LED intensity in our setup), the N eq τ figure of merit increases by a factor 1.4 compared to the constant background case. At the same LED intensity, the factor of increase should be up to 2.4 when working at higher off-peak rubidium pressure. We also found that our model provides correct preditions for the experimental results of Refs. [19, 20] . Hence we suggest that this analysis, and N eq − τ plots more generally, may find broad applicability to cold atom experiments.
By studying the evolution of the partial rubidium pressure during and after the LED pulse, we observed that the rubidium pressure quickly reaches a new equilibrium during the LED pulse, but decays slowly after the pulse. We suggest that the reason for the slow decay is the limited conductance between different parts of the vacuum chamber. We also observed a depletion effect over many LED pulses and compensated for it.
Our rate-equation model leads to an estimate of 0.5 eV for the binding energy of rubidium on pyrex. The longtime evolution of the rubidium pressure, on the other hand, is consistent with the existence of higher binding energies of around 0.7 eV. It is therefore possible that rubidium atoms stick to different sites of the surface with different binding energies.
In conclusion, we expect that the analysis presented here will be useful for the design of future cold atom experiments that use LIAD to improve N eq τ , e.g. in the case of single chamber setups. It may also be of interest for cooling and trapping radioactive atoms, where only a low vapour pressure or weak flux is available.
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